We consider solutions of the Schrödinger equation with a weak time-dependent random potential. It is shown that when the two-point correlation function of the potential is rapidly decaying, then the Fourier transformζ ε (t, ξ) of the appropriately scaled solution converges point-wise in ξ to a stochastic complex Gaussian limit. On the other hand, when the two-point correlation function decays slowly, we show that the limit ofζ ε (t, ξ) has the formζ 0 (ξ ) exp(i B κ (t, ξ)) where B κ (t, ξ) is a fractional Brownian motion.
Introduction and the main results
We consider solutions of the Schrödinger equation
with a random potential V (t, x) in the spatial dimension d 1. Here γ 1 is the small parameter that measures the relative strength of the (weak) random fluctuations. Throughout the paper we assume for simplicity that φ 0 ∈ S(R n ). The long time behavior of the Wigner transform [13] of the solutions of (1.1), defined as
has been extensively studied in the past: it can be shown that when properly rescaled to allow for long distance and large time propagation, the limit of E(W (t, x, k)) converges as γ → 0 to the solution of the radiative transport equation [3, 4, [7] [8] [9] 15, 19, 27] 
This result holds under the assumption that V (t, x) is a spatially and temporally homogeneous mean-zero random field with the two-point correlation function
whose power spectrum
The harder case, when the random potential is time-independent, was studied in [7] [8] [9] 19, 27] . In addition, it has been shown that the limit is often self-averaging, that is, given any test function η(x, k) ∈ S(R 2d ), W, η → W , η in probability [1,2,4-6,21,22]. However, this result does not hold strongly, that is, point-wise in x and k. Here we denote
On the other hand, surprisingly, the solution φ(t, x) of (1.1) itself seems to be much less studied -an obvious reason for this is that φ(t, x) becomes highly oscillatory after propagation over long distances, while the Wigner transform is a macroscopic quantity. The goal of the present paper is to understand the behavior of φ(t, x) after propagation over long distances and also to study the effect of the slow spatial and temporal decay of the correlation function R(t, x) on the behavior of solutions, long time limit and self-averaging properties.
As we are interested in the long time, large propagation distances effect of the random inhomogeneities, we consider temporal and spatial scales of the order t ∼ O(ε −1 ) and x ∼ O(ε −1 ) with ε = ε(γ ) 1, a small parameter depending on γ , to be determined later. Finding an appropriate length and time scale O(ε −1 ), on which one observes a non-trivial behavior, as a functional of γ 1 is part of the problem. Let us recast (1.1) as an equation for the rescaled function In particular, we haveφ ε (0, ξ) = ε dφ 0 (εξ ). We assume that the spatial power spectrum has the formR 4) 
